###### Strengths and limitations of this study

1.  Few studies have assessed the mediating factors of the relationship between socioeconomic position (SEP) and type 2 diabetes mellitus (T2DM) in older adults specifically.

2.  Education was the only available indicator of SEP.

3.  Alternative SEP indicators, such as income and occupation, could not be investigated.

4.  Using a well-established method, our mediation analysis points to possible mechanisms underlying the relationship between education achievement and T2DM in a population-based cohort study of older adults.

5.  The results of this study can be used to help target intervention strategies which aim to reduce the socioeconomic inequalities in T2DM incidence in older adults.

Introduction {#s1}
============

Globally, the prevalence of type 2 diabetes mellitus (T2DM) is growing at an alarming rate. The International Diabetes Federation has predicted that the world's diabetic population will rise from 415 million in 2014 to 642 million by the year 2040[@R1] and states that one in two people with diabetes do not know that they have the disease.[@R2] The rapid ageing of the world's population coupled with the global rise in obesity rates means that the overwhelming majority of new diabetes cases will be T2DM.

Although the prevalence of T2DM is rising in all socioeconomic groups, the epidemic is increasing at a greater rate among individuals from a lower socioeconomic position (SEP).[@R3] An inverse association between SEP and the risk of T2DM has been found in various studies where the majority of these use education, occupation or income to measure SEP.[@R4] Demakakos and colleagues[@R5] found that lower SEP was associated with an increased risk of T2DM in older adults. In 2011, Agardh *et al* [@R7] conducted a systematic review and meta-analysis of the association between SEP and T2DM. In the 23 studies used in the meta-analysis, low levels of all three SEP indicators were associated with an increased risk of T2DM.

Given the social gradient, uncovering mechanisms that underlie the relationship between SEP and T2DM remains a key research agenda. Williams *et al* [@R8] investigated the mediating role of health behaviours using data from the Australian Diabetes, Obesity and Lifestyle Study (AusDiab). In their analysis, mediation was tested and used to identify the influence of health behaviours on the relationship between SEP and impaired glucose metabolism. In particular, it was found that smoking and physical activity partly mediated the association between education and T2DM. Hence, by identifying these modifiable risk factors of T2DM, the study highlights how public health interventions could target those at high risk of developing T2DM. On the other hand, Lee *et al* [@R9] examined potential mediating factors of the relationship between SEP and T2DM using data from the Women's Health Study, but this and several other earlier studies used less robust methods to demonstrate mediation.[@R10] These studies simply compared regression models with and without the risk factor of interest and conclusions were drawn regarding mediation based on this comparison, without ascertaining whether statistically significant associations between T2DM and SEP were present.

It has been recognised that knowledge relating to how SEP is associated with T2DM in older adults is limited. Few previous studies have focused on older people[@R5] and thus, even though some have identified risk factors that significantly affect the SEP gradient in T2DM incidence in adults,[@R8] no specific conclusions concerning older adults can be made from these studies. The aim of this current study was to investigate the potential mediating factors of the SEP--T2DM relationship in a large cohort of older adults.

Methods {#s2}
=======

Study population {#s2a}
----------------

This analysis is based on the ESTHER study, an ongoing population-based cohort study set up with the aim of improving the prevention, early detection and treatment of chronic diseases in older adults. In total, 9949 men and women aged between 50 and 75 years were recruited during a routine health check-up by their general practitioner (GP) between June 2000 and December 2002 in the federal state of Saarland, Germany. Each participant of the ESTHER study completed a comprehensive health questionnaire and was invited to undertake a personal interview and medical assessment carried out by a trained study physician. Through the completion of the standardised study questionnaire and medical assessment, comprehensive information was collected on sociodemographic, medical and lifestyle factors. Further details of the ESTHER study have been reported elsewhere.[@R12] Participants were excluded if they had prevalent T2DM or missing data on prevalent T2DM (prevalent, n=1444; missing, n=119), missing or zero follow-up time for incident T2DM (zero follow-up, n=412; missing, n=10) or were under 50 years of age (n=17). Additionally, individuals with glycated hemoglobin (HbA~1c~) \>6.4% or fasting glucose \>125 mg/dL were excluded to deal with the issue of potential undiagnosed T2DM (n=485). Hence, the final sample size consisted of 7462 individuals.

Education {#s2b}
---------

During this study, education is used as the main indicator of SEP. Unfortunately, other traditional indicators of SEP, such as income or occupation, were not available in sufficient detail for meaningful analyses. However, using education as an indicator of SEP has various advantages. Information regarding an individual\'s level of education is generally available for both men and women and excludes few individuals in the population. There is also a strong association between education and the prospect of future success. Higher levels of education generally lead to better jobs, higher income and better housing, neighbourhood and working conditions.[@R15] Moreover, education is easy to measure in self-administered questionnaires and gives a high response rate, which is not the case with many other indicators of SEP.[@R16] Participants were asked in the baseline questionnaire to state the highest level of education that they had ever completed. Education was categorised into three groups: low (0--9 years), medium (10--12 years) and high education (≥13 years).

Type 2 diabetes mellitus {#s2c}
------------------------

Diagnosis of T2DM at baseline was confirmed by a documented diagnosis by the GP at the health check-up or prescribed use of antidiabetic drugs. Information was also collected at baseline on whether or not a first-degree relative had a diagnosis of diabetes. Diabetes incidence was ascertained by four different sources as described previously.[@R17] Study participants were asked in mailed standardised questionnaires at 2-year, 5-year and 8-year follow-up to document currently prescribed drugs (source 1: drugs of Anatomical Therapeutic Chemical (ATC)code A10 'Drugs used in diabetes') and to answer the question whether diabetes had been diagnosed after the baseline examination (source 2). The questionnaire response rates at 2-year, 5-year and 8-year follow-up were 95.6%, 87.3% and 78.3%, respectively. All self-reported diabetes diagnoses were validated by standardised questionnaires sent to the study participants' GPs and the validated self-reports were confirmed in 90% of cases. In addition, to minimise under-reporting by study participants, all study participants' GPs were asked at 8-year follow-up for new diabetes diagnoses made during the last 3 years (source 3). To identify undiagnosed incident diabetes cases, HbA~1c~ was measured at 8-year follow-up (source 4: HbA~1c~ ≥6.5%). The response rate for blood sample donation at the 8-year follow-up was 53.3%. HbA~1c~ was measured from baseline EDTA blood by high-performance liquid chromatography (HPLC) and measured at the 8-year recontact by immunoturbidimetry.[@R17] Self-report was the only source of information for 16% of the incident cases and most diagnoses were identified by more than one source.

Potential mediators {#s2d}
-------------------

Height and weight were measured and documented during the health check-up with a few missing values filled in using self-reported information. Body mass index (BMI) was categorised as underweight (\<18.5 kg/m2), normal (≥18.5 kg/m^2^--\<25 kg/m^2^), overweight (≥25 kg/m^2^--\<30 kg/m^2^) and obese (≥30 kg/m^2^).[@R18] Serum blood samples were collected and stored at −80°C. C reactive protein (CRP) and total/HDL-cholesterol levels were measured using turbidimetry and routine HPLC, respectively. Fasting triglycerides were measured using routine HPLC methods. Blood pressure was measured during the health check-up. Physical activity was defined as performing vigorous exercise at least once per week (yes/no) and smoking status was grouped into three categories (never smoker/former smoker/current smoker). Fruit, vegetable and multivitamin supplement use were categorised as daily consumption (yes/no) and meat consumption was categorised as consumption at least once per week (yes/no). Alcohol consumption was categorised using intake in grams/day (men: 0, \>0--\<40, ≥40--\<60, ≥60, women: 0, \>0--\<20, ≥20--\<40, ≥40) and hypertension was based on measured blood pressure and/or hypertensive drug use (yes=hypertensive drug treatment or systolic blood pressure \>140 mm Hg or diastolic blood pressure \>90 mm Hg; no=no/missing hypertensive drug treatment and systolic blood pressure ≤140 mm Hg and diastolic blood pressure ≤90 mm Hg). The percentage of data missing, after exclusion criteria were applied, was as follows: alcohol consumption (9.0%), age (0%), BMI (0.1%), CRP (1.7%), education (2.1%), family history of diabetes (1.6%), fasting glucose (13.8%), fasting triglycerides (10.8%), fruit consumption (2.8%), gender (0%), HbA~1c~ (0.7%), HDL-cholesterol (37.6%), hypertension (1.7%), meat consumption (5.3%), multivitamin supplement consumption (4.7%), smoking status (2.6%), total cholesterol (0.4%), vegetable consumption (2.1%) and vigorous physical activity (0.2%).

Statistical analysis {#s2e}
--------------------

Following the model of Baron and Kenny,[@R19] we first determined the direct association between education and incident T2DM (step 1; using Cox proportional hazards regression). We then investigated the association between education and the baseline potential mediators (step 2; using linear regression for continuous variables and logistic regression for categorical variables) before examining the association between the potential baseline mediators and incident T2DM (step 3; using Cox proportional hazards regression). Finally, we investigated the contribution of each individual mediating factor on the relationship between education and incident T2DM (step 4; using Cox proportional hazards regression). The following formula was used to calculate the magnitude of change in the HR for incident diabetes explained by the individual mediating factor:

(HR~base\ model−~HR~adjusted\ model~)/(HR~base\ model−~1)×100%, where the base model was adjusted for age, gender and family history of diabetes. Specifically, the mediated percentage was evaluated using the magnitude of change in HR for individuals in the highest educational category compared with individuals in the lowest educational category. The individual risk factors that met all the steps of the Baron and Kenny model were identified as mediators of the relationship between education achievement and T2DM. Analyses were conducted using SAS V.9.3 (SAS Institute, Cary, North Carolina, USA).

Multiple imputation by chained equations[@R20] was used to deal with missing data in the original data sets using all available information in the imputation model.[@R13] Five imputed data sets were derived and the results were combined in the analysis where the multiple imputation procedure was carried out using STATA IC V.11.0 (Stata-Corp, Texas, USA). The results of the analysis using the original ESTHER data are given in the online [supplementary material](#SP1){ref-type="supplementary-material"}. In the tables presented, individuals with missing information on any of the variables involved in the given statistical model were excluded. In other words, only complete cases were considered where the number of missing observations in each statistical model is also provided in the online [supplementary material](#SP1){ref-type="supplementary-material"}.
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###### Supplementary data

Results {#s3}
=======

Baseline characteristics {#s3a}
------------------------

Using the original baseline data before performing the multiple imputation procedure, [table 1](#T1){ref-type="table"} and [table 2](#T2){ref-type="table"} display the distribution of baseline variables considered for mediation across individuals with and without incident T2DM and across levels of education, respectively. Note that [table 1](#T1){ref-type="table"} reports 7462 eligible participants since all individuals had available information on incident T2DM after the exclusion criteria were applied. However, after these exclusions were made, 156 participants had missing information regarding education, resulting in 7306 eligible participants for investigation during [table 2](#T2){ref-type="table"}. In total, the study period consisted of 53 101 person-years of follow-up (the median follow-up, 8.0 years) during which 718 of the 7462 included individuals developed T2DM. Expected differences in T2DM incidence were observed across educational level, BMI categories, hypertension and family history of diabetes. Furthermore, individuals with incident T2DM had significantly lower HDL-cholesterol levels and had a significantly higher total/HDL-cholesterol ratio. Differences in T2DM incidence were observed across alcohol consumption and smoking categories where participants with incident T2DM were more often former or current smokers and alcohol abstainers. However, the majority of individuals with incident T2DM were alcohol drinkers (mild, moderate or heavy). Participants with incident T2DM also consumed fruit less often. Moreover, higher median levels of CRP and fasting triglycerides were observed among individuals with incident T2DM. A clear educational gradient was observed with regard to T2DM incidence where 5.5% of highly educated individuals developed the disease in comparison with 8.4% and 10.2% of participants in the medium and low educational categories, respectively.

###### 

Distribution of baseline variables in participants with and without incident type 2 diabetes mellitus (T2DM)

  Characteristic^\*^                                  Eligible participants, n=7462   p Value          
  --------------------------------------------------- ------------------------------- ---------------- ----------
  \% in each category                                 90.4                            9.6              --
  Age, mean (SD)                                      61.7 (6.6)                      61.9 (6.5)       0.3521
  Alcohol consumption (%)                                                                              \<0.0001
   Abstainer                                          28.8                            37.1             
   Light                                              68.9                            61.8             
   Moderate                                           2.1                             0.9              
   Heavy                                              0.3                             0.2              
  Body mass index (BMI) (%)                                                                            \<0.0001
   Underweight                                        0.4                             0.6              
   Normal                                             31.9                            13.5             
   Overweight                                         47.8                            47.3             
   Obese                                              20.0                            38.6             
  C reactive protein (CRP) (mg/L), median (IQR)       1.9 (0.9--4.0)                  2.6 (1.3--5.1)   \<0.0001
  Daily consumption of fruit (%)                      63.1                            58.3             0.0130
  Daily consumption of multivitamin supplements (%)   15.8                            16.8             0.5100
  Daily consumption of vegetables (%)                 35.5                            35.7             0.9312
  Education (%)                                                                                        0.0021
   Low                                                72.5                            78.0             
   Medium                                             22.0                            19.0             
   High                                               5.4                             3.0              
  Family history of diabetes (%)                      34.3                            43.8             \<0.0001
  Fasting triglycerides (mmol/L), median (IQR)        1.2 (0.8--1.7)                  1.5 (1.0--2.1)   \<0.0001
  HDL-cholesterol (mmol/L), mean (SD)                 1.4 (0.4)                       1.3 (0.4)        \<0.0001
  Hypertension (%)                                    55.5                            68.9             \<0.0001
  Sex, men (%)                                        42.6                            45.4             0.1448
  Smoking status (%)                                                                                   0.0077
   Never smoker                                       52.4                            46.2             
   Former smoker                                      31.4                            35.7             
   Current smoker                                     16.3                            18.1             
  Total/HDL-cholesterol ratio, mean (SD)              4.3 (1.5)                       4.7 (1.7)        \<0.0001
  Total cholesterol (mmol/L), mean (SD)               5.7 (1.3)                       5.7 (1.4)        0.3726
  Vigorous physical activity (%)                      44.6                            40.8             0.0543
  Weekly consumption of meat (%)                      88.7                            90.8             0.0929

\*Missing values: alcohol consumption 669, BMI 7, CRP 130, daily consumption of fruit 206, daily consumption of multivitamin supplements 349, daily consumption of vegetables 158, education 156, family history of diabetes 122, fasting triglycerides 804, HDL-cholesterol 2805, hypertension 128, smoking status 197, total/HDL-cholesterol ratio 2828, total cholesterol 30, vigorous physical activity 17 and weekly consumption of meat 393.

###### 

Baseline characteristics by education level

  Characteristic^\*^                                  Eligible participants, n=7306   p Value                           
  --------------------------------------------------- ------------------------------- ---------------- ---------------- ----------
  \% in each category                                 73.1                            21.7             5.2              
  Age, mean (SD)                                      62.0 (6.4)                      60.8 (6.9)       60.6 (7.0)       \<0.0001
  Alcohol consumption (%)                                                                                               \<0.0001
   Abstainer                                          32.7                            22.0             17.5             
   Light                                              65.3                            75.1             78.1             
   Moderate                                           1.7                             2.6              3.8              
   Heavy                                              0.2                             0.4              0.6              
  Body mass index (BMI) (%)                                                                                             \<0.0001
   Underweight                                        0.5                             0.3              0.8              
   Normal                                             27.5                            36.1             43.7             
   Overweight                                         48.5                            46.9             40.1             
   Obese                                              23.6                            16.7             14.5             
  C reactive protein (CRP) (mg/L), median (IQR)       2.0 (1.0--4.4)                  1.7 (0.8--3.5)   1.3 (0.7--2.8)   0.0004
  Daily consumption of fruit (%)                      62.3                            64.0             64.5             0.3520
  Daily consumption of multivitamin supplements (%)   14.1                            20.3             21.7             \<0.0001
  Daily consumption of vegetables (%)                 33.7                            39.5             44.7             \<0.0001
  Family history of diabetes (%)                      36.8                            31.9             28.7             \<0.0001
  Fasting triglycerides (mmol/L), median (IQR)        1.2 (0.9--1.8)                  1.2 (0.8--1.6)   1.2 (0.8--1.7)   0.0175
  HDL-cholesterol (mmol/L), mean (SD)                 1.4 (0.4)                       1.4 (0.4)        1.4 (0.4)        0.4614
  Hypertension (%)                                    58.6                            52.8             47.0             \<0.0001
  Incident type 2 diabetes mellitus (T2DM) (%)        10.2                            8.4              5.5              0.0021
  Sex, men (%)                                        40.6                            46.5             59.5             \<0.0001
  Smoking status (%)                                                                                                    0.0004
   Never smoker                                       53.0                            48.8             47.5             
   Former smoker                                      30.3                            36.0             35.0             
   Current smoker                                     16.8                            15.3             17.5             
  Total/HDL-cholesterol ratio, mean (SD)              4.3 (1.5)                       4.3 (1.6)        4.4 (1.5)        0.9251
  Total cholesterol (mmol/L), mean (SD)               5.7 (1.3)                       5.7 (1.3)        5.7 (1.3)        0.5097
  Vigorous physical activity (%)                      40.9                            52.8             60.0             \<0.0001
  Weekly consumption of meat (%)                      89.2                            88.2             87.5             0.3571

Missing values: age 156, alcohol consumption 762, BMI 163, CRP 285, daily consumption of fruit 368, daily consumption of multivitamin supplements 469, daily consumption of vegetables 281, education 156, family history of diabetes 255, fasting triglycerides 948, HDL-cholesterol 2889, hypertension 282, incident T2DM 156, sex 156, smoking status 328, total/HDL-cholesterol ratio 2912, total cholesterol 186, vigorous physical activity 156 and weekly consumption of meat 504.

Education achievement, incident T2DM and mediating factors {#s3b}
----------------------------------------------------------

Using the imputed data, the association between education and the incidence of T2DM was determined using Cox proportional hazards regression (step 1). It was found that the hazard of incident T2DM decreased as the level of education increased even after adjustment for age, gender and family history of diabetes (base model variables): HR (95% CI) high education 0.52 (0.34 to 0.80); medium education 0.80 (0.66 to 0.96) (see online [supplementary table 2](#SP1){ref-type="supplementary-material"}). The results of performing step 1 using the original data are presented in online [supplementary table 1](#SP1){ref-type="supplementary-material"}.

The associations between education and the potential mediating factors were tested in step 2 and are displayed in [table 3](#T3){ref-type="table"}. It was found that there was a significant association between education and the majority of the factors considered for mediation. Significant trends were observed across educational categories for BMI, physical activity, fruit and vegetable consumption, multivitamin supplement use and hypertension after adjustment for the base model variables. Individuals in the lowest education category were significantly more likely to be obese and have hypertension. Conversely, participants from the highest education level were significantly more likely to partake in vigorous physical activity at least once a week and consume fruit, vegetables and multivitamin supplements daily. Those in the lowest education category were more likely to have higher BMI, CRP and fasting triglycerides. Conversely, those with highest education had higher alcohol consumption and HDL-cholesterol. Furthermore, no significant relationship between education groups was observed with total cholesterol or total/HDL-cholesterol ratio. Online [supplementary table 3](#SP1){ref-type="supplementary-material"} displays the results of mediation step 2 when performed on the original data. Additional results, showing the association between education and potential mediators, obtained using multinomial logistic regression are presented in online [supplementary tables 4 and 5](#SP1){ref-type="supplementary-material"} for the original and imputed data, respectively. Furthermore, online [supplementary tables 6 and 7](#SP1){ref-type="supplementary-material"} display associations between education and potential continuous mediating factors obtained using linear regression for the original and imputed data, respectively.

###### 

Mediation step 2 showing the relationships between education and potential categorical mediators

  Characteristic                          OR (95% CI)           p Value\*
  --------------------------------------- --------------------- -----------
  Body mass index                                               
   Overweight (yes^†^/no)                                       
    Low education^†^                      1.00                  
    Medium education                      0.67 (0.59 to 0.75)   \<0.0001
    High education                        0.44 (0.36 to 0.55)   \<0.0001
  p trend                                 \<0.0001              
   Obesity (yes^†^/no)                                          
    Low education^†^                      1.00                  
    Medium education                      0.65 (0.56 to 0.75)   \<0.0001
    High education                        0.56 (0.41 to 0.75)   0.0001
  p trend                                 \<0.0001              
   Current smoker (yes^†^/no)                                   
    Low education^†^                      1.00                  
    Medium education                      0.91 (0.83 to 1.45)   0.5345
    High education                        0.89 (0.65 to 1.20)   0.4417
  p trend                                 0.0402                
   Fruit consumption (yes^†^/no)                                
    Low education^†^                      1.00                  
    Medium education                      1.18 (1.05 to 1.33)   0.0072
    High education                        1.34 (1.07 to 1.67)   0.0097
  p trend                                 0.0005                
   Hypertension (yes^†^/no)                                     
    Low education^†^                      1.00                  
    Medium education                      0.85 (0.75 to 0.95)   0.0050
    High education                        0.66 (0.53 to 0.82)   0.0002
  p trend                                 \<0.0001              
   Meat consumption (yes^†^/no)                                 
    Low education^†^                      1.00                  
    Medium education                      0.88 (0.73 to 1.07)   0.2100
    High education                        0.75 (0.54 to 1.05)   0.0892
  p trend                                 0.0607                
   Multivitamin consumption (yes^†^/no)                         
    Low education^†^                      1.00                  
    Medium education                      1.63 (1.41 to 1.89)   \<0.0001
    High education                        1.88 (1.45 to 2.44)   \<0.0001
  p trend                                 \<0.0001              
   Physical activity (yes^†^/no)                                
    Low education^†^                      1.00                  
    Medium education                      1.50 (1.33 to 1.69)   \<0.0001
    High education                        1.87 (1.50 to 2.32)   \<0.0001
  p trend                                 \<0.0001              
   Vegetable consumption (yes^†^/no)                            
    Low education^†^                      1.00                  
    Medium education                      1.35 (1.20 to 1.52)   \<0.0001
    High education                        1.83 (1.48 to 2.28)   \<0.0001
  p trend                                 \<0.0001              

\*Adjusted for education, age, gender and family history of diabetes.

Indicates reference category.

[Table 4](#T4){ref-type="table"} displays the HRs and associated 95% CIs for the associations between potential mediators and T2DM. The hazard of incident T2DM was significantly greater for individuals who were obese or former/current smokers. Abstainers and individuals who had hypertension were also at a greater risk of T2DM, while participants who exercised vigorously at least once per week were significantly less likely to develop the disease during the follow-up period. Higher levels of fasting triglycerides were associated with a significant increase in T2DM risk. Conversely, T2DM risk was decreased for individuals with higher levels of HDL-cholesterol. Unit increases in total/HDL-cholesterol ratio also proved to be significantly associated with an increase in the hazard of T2DM. The results of step 3 using the original data are presented in [supplementary table 8](#SP1){ref-type="supplementary-material"}.

###### 

Mediation step 3 showing the relationships between potential mediators and incident type 2 diabetes mellitus

  Characteristic                                               HR (95% CI)           p Value\*
  ------------------------------------------------------------ --------------------- -----------
  Alcohol consumption                                                                
   Light^†^                                                    1.00                  
   Abstainer                                                   1.47 (1.24 to 1.74)   \<0.0001
   Moderate                                                    0.59 (0.26 to 1.33)   0.2040
   Heavy                                                       0.69 (0.09 to 4.97)   0.7152
  Body mass index (BMI)                                                              
   Overweight (yes/no^†^)                                      2.63 (2.13 to 3.26)   \<0.0001
   Obesity (yes/no^†^)                                         2.21 (1.90 to 2.57)   \<0.0001
   Continuous BMI (per 1 kg/m^2^ increase)                     1.10 (1.09 to 1.12)   \<0.0001
   Continuous alcohol (per 1 g increase)                       0.98 (0.97 to 0.99)   0.0029
   C reactive protein (per 1 mg/L increase)                    1.01 (1.00 to 1.01)   0.1037
   Current smoker (yes/no^†^)                                  1.23 (1.01 to 1.50)   0.0391
   Daily consumption of fruit (yes/no^†^)                      0.87 (0.74 to 1.01)   0.0672
   Daily consumption of multivitamin supplements (yes/no^†^)   1.06 (0.86 to 1.30)   0.5689
   Daily consumption of vegetables (yes/no^†^)                 1.07 (0.92 to 1.25)   0.3917
   Fasting triglycerides (per 1 mmoL/L increase)               1.32 (1.24 to 1.41)   \<0.0001
   HDL-cholesterol (per 1 mmoL/L increase)                     0.53 (0.41 to 0.68)   \<0.0001
   Hypertension (yes/no^†^)                                    1.71 (1.45 to 2.01)   \<0.0001
  Smoking status                                                                     
   Never smoker^†^                                             1.00                  
   Former smoker                                               1.32 (1.11 to 1.57)   0.0021
   Current smoker                                              1.38 (1.12 to 1.71)   0.0027
   Total/HDL-cholesterol ratio (per 1 unit increase)           1.10 (1.05 to 1.15)   \<0.0001
   Total cholesterol (per 1 mmoL/L increase)                   0.99 (0.94 to 1.05)   0.8483
   Vigorous physical activity (yes/no^†^)                      0.85 (0.73 to 0.99)   0.0340
   Weekly consumption of meat (yes/no^†^)                      1.16 (0.89 to 1.52)   0.2676

\*Adjusted for education, age, gender and family history of diabetes.

†Indicates reference category where appropriate.

The results of the step 4 of the mediation analysis are displayed in [table 5](#T5){ref-type="table"}, where only the individual risk factors shown to be mediators were included. To calculate the percentage of the education--T2DM relationship explained by the mediating factors, each mediator was considered one at a time in separate Cox proportional hazards models adjusted for age, gender and family history of diabetes. It was found that BMI contributed the largest effect on the relationship between education and T2DM and cumulatively the mediators explained 32% of the relationship. In the full model, the association between education and incident T2DM was no longer statistically significant: HR (95% CI) high education 0.67 (0.43 to 1.04); medium education 0.92 (0.76 to1.12).

###### 

Mediation step 4 showing the percentage of the education--incident type 2 diabetes mellitus association that is explained by the individual mediator

  Model                    Referent   HR (95% CI), p Value          HR (95% CI), p Value          p trend   Mediated percentage (95% CI)
  ------------------------ ---------- ----------------------------- ----------------------------- --------- ------------------------------
  Base^\*^                 1.00       0.80 (0.66 to 0.96), 0.0181   0.52 (0.34 to 0.80), 0.0028   0.0002    --
  +Body mass index (BMI)   1.00       0.88 (0.73 to 1.06), 0.1821   0.60 (0.39 to 0.93), 0.0219   0.0130    17.7 (8.3 to 65.3)
  +Alcohol consumption     1.00       0.83 (0.69 to 1.01), 0.0574   0.55 (0.35 to 0.84), 0.0063   0.0015    6.1 (2.8 to 23.0)
  +Hypertension            1.00       0.80 (0.66 to 0.97), 0.0232   0.54 (0.35 to 0.84), 0.0055   0.0006    5.2 (2.4 to 19.1)
  +Fasting triglycerides   1.00       0.81 (0.67 to 0.98), 0.0279   0.54 (0.35 to 0.83), 0.0051   0.0006    4.5 (2.1 to 16.8)
  +HDL-cholesterol         1.00       0.80 (0.66 to 0.97), 0.0225   0.53 (0.35 to 0.82), 0.0042   0.0004    3.0 (1.4 to 11.2)
  +Physical activity       1.00       0.81 (0.67 to 0.98), 0.0278   0.53 (0.34 to 0.82), 0.0042   0.0005    2.9 (1.3 to 10.8)
  +Smoking status          1.00       0.79 (0.65 to 0.96), 0.0161   0.52 (0.34 to 0.80), 0.0032   0.0002    1.0 (0.5 to 3.9)
  Full^†^                  1.00       0.92 (0.76 to 1.12), 0.3947   0.67 (0.43 to 1.04), 0.0722   0.0699    31.7 (14.7 to 118.1)

\*Base model adjusted for age, gender and family history of diabetes.

†Full model adjusted for age, gender, family history of diabetes, BMI, alcohol consumption, hypertension, fasting triglycerides, HDL-cholesterol, physical activity and smoking status.

\+ Shows the addition of an additional variable to the base model.

Discussion {#s4}
==========

In this population-based cohort study of older adults, we showed that the risk of T2DM increased as the educational level of participants decreased. This educational gradient is consistent with the findings of various other studies. The European Prospective Investigation into Cancer and Nutrition (EPIC) InterAct study[@R21] showed that the association between low educational level and the higher risk of T2DM was consistent across all examined eight Western European countries. However, a large number of previous studies used self-reported T2DM as the outcome and are thus less reliable than the medically documented T2DM cases obtained in the present study.[@R4] It has been concluded that self-reported cases of diabetes are reported with a high level of accuracy, where the accuracy improves with increasing levels of education.[@R23] However, due to high rates of undiagnosed diabetes, a rate which is potentially higher among individuals from low education,[@R22] the use of self-reported diabetes cases may under-represent undiagnosed individuals or individuals who have been diagnosed but are under-reported.[@R24] This issue is highlighted in the USA where approximately one-third of adults are undiagnosed.[@R25] Furthermore, the impact of these issues concerning the under-representation of individuals with diabetes would be observed the most among individuals from low education. This could potentially contribute to educational health disparities being more marked among diagnosed individuals compared with among the whole population of individuals with diabetes.[@R24]

The next step of the mediation analysis examined the association between education and each of the potential mediators before investigating the impact of the potential mediators on T2DM incidence. Expected differences across education categories were observed for BMI, physical activity and hypertension. Shaw and Spokane[@R26] found that a steeper decline in physical activity levels existed among individuals with less education. A number of earlier studies have also highlighted educational differences in hypertension.[@R27] Highly educated individuals were more likely to consume fruit and vegetables daily, agreeing with previous research showing that education provides greater knowledge about healthy behaviours.[@R30] It was shown that individuals within higher levels of education were less likely to be current smokers and a significant increase in mean alcohol consumption was observed with increasing education. Although the relationship between T2DM and fruit and vegetable intake was not significant in ESTHER, a meta-analysis by Li *et al* [@R31] concluded that higher fruit or green leafy vegetable intake is significantly associated with a reduced risk of T2DM. However, research concerning the association between fruit and vegetable consumption and T2DM in older adults is relatively sparse. It is also important to note that the ESTHER population was born around the time of World War II. Hence, the results of this study may reflect cohort-specific effects. Selection bias may also be an issue. For instance, differential mortality patterns across smoking categories might lead to an under-representation of smokers and thus to an attenuation of the socioeconomic gradient in smoking in older adults.

The mediation analysis highlighted seven risk factors that explained a proportion of the relationship between education and T2DM with BMI providing the largest contribution. Previously, Lee *et al* [@R9] also found that BMI explained the largest proportion of the association between education and T2DM. Previous studies have adopted several statistical approaches to demonstrate mediation, some more robust than others.[@R10] However, Williams *et al* [@R8] used the Baron and Kenny method to conclude that 27% of the relationship could be explained by health behaviours in a population consisting of adults aged 25 years and above. Our study adds to this research by providing a mediation analysis of the relationship in older adults and by exploring a greater number of potential mediators. It is clear that BMI remains a vital factor in the development of T2DM in older adults. Our results also showed that alcohol consumption and hypertension play considerable roles in explaining the relationship in older adults. This is consistent with the findings from the Women's Health Study. However, there are also some contrasting results between the two studies. For example, CRP explained 18% of the relationship in the study by Lee *et al*, [@R9] whereas it was not shown to mediate the relationship in the present study. Furthermore, the potential mediators considered by Lee *et al*[@R9] explained 92% of the relationship between education and T2DM. However, as highlighted previously, this study did not use a robust methodology to infer mediation meaning that this percentage could overestimate the true contribution of the risk factors. In our study, only 32% of the relationship was explained. This highlights that additional pathways must exist with regard to how SEP influences T2DM and factors such as neighbourhood conditions, working conditions, income, race, stress and depression have been suggested.[@R30] Another possible explanation for the reduced mediated percentage is that some of the potential mediators were not assessed in sufficient detail due to the nature in which the data were collected. For instance, physical activity was included in this analysis as a dichotomous variable representing vigorous physical activity at least once per week (yes/no). However, this categorisation of the variable does not capture the influence that different levels of exercise may have.

A possible shortcoming of our analysis is that using the Baron and Kenny approach to mediation does not explicitly invoke the modern counterfactual framework that distinguishes controlled direct and indirect effects. Under such a framework, the causal effects of interest are defined as contrasts of potential outcomes or a contrast of outcomes that would be observed under different exposure and mediator values.[@R33] However, serious questions have been raised about the utility for policy of this counterfactual approach to mediation.[@R34] To the extent that any method must rely on untestable assumptions about the absence of exposure-outcome, mediator-outcome and exposure-mediator confounding, the superiority and utility of counterfactual mediation models are not obvious.[@R35]

We believe that the results of this analysis can help identify possible targets of intervention that may help to reduce socioeconomic inequalities in T2DM in older adults. Given our findings, it would be reasonable to surmise that public health programmes designed to prevent obesity in the population might have a beneficial effect on socioeconomic disparities in T2DM incidence. The total incidence of T2DM would fall, as demonstrated in a study by Franco *et al[@R36]* looking at the special case of Cuba after their economic crisis in the 1990s, but even if the relative decline from a population-level BMI intervention was equal in each SEP group, the lowest SEP groups would gain most in absolute terms. However, we must emphasise that generalising about intervention effects from observational studies is fraught with difficulties. While the literature on the disparate effects of vitamin supplements on cardiovascular health is telling in this regard,[@R37] there may be some circumstances when the public health effects of observational and intervention studies are in reasonable accord.[@R38] While observational studies may lack internal validity for imputing intervention effects, intervention trials may lack external validity or be dependent on context[@R40] and, with due circumspection, both can have value.[@R41] In addition, just as it is impossible to have certainty about mediation in an individual subject, targeted behavioural interventions for individuals to reduce BMI come with a risk of intervention-generated inequality.[@R42] However, it is likely that population programmes to maintain healthy weight will have beneficial effects on other biological risk factors and putative mediators of diabetes incidence.[@R43]
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